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WK,QWHUQDWLRQDO&RQIHUHQFH('8:25/'(GXFDWLRQ)DFLQJ&RQWHPSRUDU\:RUOG
,VVXHV
3V\FKRORJLFDODVSHFWVRIXVLQJKHXULVWLFLQWXLWLRQLQDULWKPHWLF
SUREOHPVROYLQJLQSULPDU\VFKRRO

1HFXODH'LQXWD
8QLYHUVLW\RI3LWHVWL7DUJXGLQ9DOHQR3LWHVWL$UJHV
$EVWUDFW
,QWKHILUVWSDUWRIWKHSDSHUWKHWKHRUHWLFDODVSHFWVRIKHXULVWLFLQWXLWLRQDUHSUHVHQWHGQDPHO\WKHSV\FKRORJLFDOPHFKDQLVPV
E\ZKLFK WKLV LQWHUYHQHV LQ WKHFRQWH[WRI VROYLQJDULWKPHWLFSUREOHPV7KXVKHXULVWLF LQWXLWLRQE\SURFHGXUDOPRPHQWV LV
RQO\DUHVROXWLRQVHTXHQFHDQGWKHKHXULVWLFSKHQRPHQDDUHDFKLHYHGZLWKWKHSDUWLFLSDWLRQRIWZROHYHOVWKHFRQVFLRXVDQG
WKHXQFRQVFLRXVLQVROYLQJVRPHDULWKPHWLFSUREOHPVZKLFKUDLVHVROYLQJGLIILFXOWLHV7KHDFKLHYHPHQWRIWKHLQIRUPDWLRQDO
WUDQVIHUEHWZHHQWKHWZROHYHOVVKRXOGEHLQWHUSUHWHGDVDVHTXHQFHRIHQWULHVDQGH[LWVRIWKHXQFRQVFLRXVWRFRQVFLRXVDQG
YLFHYHUVDZKHUH WKHSULQFLSOHRI IHHGEDFN LVD ILUVWSV\FKLFPHFKDQLVPRI WKHKHXULVWLF LQWXLWLRQ$OVR WKH IDFW WKDWPRVW
LQWXLWLRQVDUHSUHFHGHGE\DQDORJLHVPDNHVXVFRQVLGHU WKHDQDORJ\DVDQRWKHUSV\FKRORJLFDOPHFKDQLVPRIXVLQJKHXULVWLF
LQWXLWLRQLQVROYLQJWKHSUREOHPEHFDXVHWKHDQDORJ\GHWHUPLQHVLQWXLWLRQDQGJHQHUDWHVVROXWLRQLQWKLVZD\7KHFRQQHFWLRQ
EHWZHHQWKHUHDVRQLQJE\UHFXUUHQFHDQGKHXULVWLFLQWXLWLRQDOORZVWKHSDVVDJHRIWKLQNLQJIURPLQGLYLGXDOWRJHQHUDOZKLFKLV
LQIDFWWKHHVVHQFHRIPDWKHPDWLFDOFUHDWLRQDQGDQRWKHUSV\FKRORJLFDOPHFKDQLVPLQVROYLQJDULWKPHWLFSUREOHPV7KHVHFRQG
SDUW RI WKHSDSHUSUHVHQWV D SUDFWLFDO H[DPSOHRI XVLQJKHXULVWLF LQWXLWLRQ IRU DQ DULWKPHWLFSUREOHPZKHUHZH DQDO\]H WKH
LPSOLFDWLRQVRILWVPHQWDOPHFKDQLVPVDQGWKHZD\RIDFKLHYLQJWKHUHVROXWLRQSURFHVV,QWKLVUHJDUGZHODLGHPSKDVLVRQWKH
PHFKDQLVPZKLFKZDVXVHGWRSLQSRLQWWKHFRQWUDGLFWLRQVRIWKHSUREOHPDWLFVLWXDWLRQDQGZKLFKFUHDWHVFRQIOLFWVEHWZHHQWKH
UHTXLUHPHQWV RI WKHSUREOHP DQG WKH UHDO SRVVLELOLWLHV RI WKHSXSLOZKLFK DUHGHWHUPLQHGE\ WKH GHYHORSPHQW RI WKLQNLQJ
:LWKRXWKLJKOLJKWLQJDQGZLWKRXWXQGHUVWDQGLQJDOOVWDJHVRIVROYLQJWKHVWXGHQWILQGVDVLPLODUSDWWHUQLQKLVH[SHULHQFHIURP
WKHSDVWDQGE\DQDORJ\ZLWKWKLVKHVROYHVWKHQHZSUREOHP
7KH SDSHU HQGVZLWK VRPH FRQFOXVLRQV UHJDUGLQJ WKHPRGDOLWLHV RI XVLQJ KHXULVWLF LQWXLWLRQ LQ WHUPV RI SURFHGXUH LQ WKH
FRQWH[WRIVROYLQJDULWKPHWLFSUREOHPVLQSULPDU\VFKRRO

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
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7KHRUHWLFDODVSHFWVRIKHXULVWLFLQWXLWLRQDQGRIWKHSV\FKLFPHFKDQLVPRILWVXVDJHWRVROYHDULWKPHWLF
SUREOHPV
2QHRIWKHPDLQZRUNVRQGHILQLQJLQWXLWLRQ>@FKDUDFWHUL]HVLWDVDSULPDU\PRGHRISHUFHSWLRQWKDWRSHUDWHVLQ
WKHVXEFRQVFLRXV
,QWXLWLRQ LV D EDVLF FRJQLWLYH ZD\ ZKLFK FUHDWHV D UHODWLRQVKLS EHWZHHQ SUHIHUHQFH DQG WKH OHDUQLQJ
SHUIRUPDQFHDQGWKHLQWXLWLYHUHVSRQVHVDUHDFKLHYHGZLWKDQDSSDUHQWOLWWOHHIIRUWDQGZLWKRXWWKHSDUWLFLSDWLRQRI
WKHFRQVFLRXVPLQG
5HJDUGHG DV D ZD\ RI DFWLRQ LQWXLWLRQ PDQLIHVWV WKURXJK WKH WKUHH GLVWLQFW DVSHFWV RI LWV QDWXUH DIIHFWLYH
KHXULVWLFDQGKROLVWLF7KHVHDVSHFWVRILQWXLWLRQDUHUHODWHGWRWKHHPRWLRQDOTXDOLW\RILQWXLWLYHGHFLVLRQVZKLFK
ZHUHWDNHQDQGRIWKHGHVFULEHGLPPHGLDWHSHUVSHFWLYHV
1H[WZHDUHJRLQJWRDSSURDFKWKHKHXULVWLFLQWXLWLRQGHILQHGDVWKHDELOLW\WRFRQFHLYHDMXGJPHQWEDVHGRQD
PLQLPXP RI LQIRUPDWLRQ DQG ZKHUH WKH LQWXLWLYH UHVSRQVHV DUH GLUHFWHG WRZDUGV D VLPSOH ZD\ RI ILQGLQJ D
VROXWLRQZLWKLQDQDXWRPDWLFSURFHVV
+HXULVWLF LQWXLWLRQ LV WKH UHVXOW RI D SURFHVV ZKHUH ZH ILQG WKH IROORZLQJ IRXU VWDJHV SUHPLVHVPDWXUDWLRQ
LQLWLDWLRQDQGYHULILFDWLRQ
:KHQZHDSSURDFKWKHPRPHQWVRIKHXULVWLFLQWXLWLRQZHQHHGWRPHQWLRQWKHGLIIHUHQFHVEHWZHHQPDWWHUDQG
LQWXLWLRQSRLQWLQJRXWWKDWLQWXLWLRQLVRQO\DVHTXHQFHLQDSUREOHP
,Q VROYLQJ DULWKPHWLF SUREOHPV WKH LQWXLWLRQV LQYROYHG LQ WKH ILQGLQJV IRU HVWDEOLVKLQJ WKH VROXWLRQV ZHUH
GHWHUPLQHGLQWKHXQFRQVFLRXVVRPHEHLQJUHODWHGWRWKHJLYHQSUREOHPDQGRWKHUVLQFLUFXPVWDQFHVZKHUHWKH
FUHDWRU¶VDWWHQWLRQDQGZLOOZHUHQRWFHQWHUHGRQLW
7KHUHIRUH ZH PXVW WDNH LQWR DFFRXQW DOO PRPHQWV RI VRPH ILQGLQJ OLQNLQJ LQWXLWLRQ ZLWK WKH HYHQWV WKDW
SUHFHGH DQG VXFFHHG LW FDUHIXOO\ DQDO\]LQJ DOO WKH FRQVFLRXV DQG XQFRQVFLRXV SKDVHV DSSHDULQJ LQ WKH
UHSUHVHQWDWLRQVRIWKHJLYHQKHXULVWLFSUREOHP
(YHQ LI ZKHQ VROYLQJ DULWKPHWLF SUREOHPV LQWXLWLRQV DUH GHWHUPLQHG ZLWKLQ WKH XQFRQVFLRXV GHYHORSPHQW
VWDJHKRZHYHUWKHUHDUHSUHPLVHVIRUDFRQVFLRXVSKDVHWKDWZHKLJKOLJKWXQGHUWKHIRUPRITXHVWLRQV
7KLVLVZK\DTXHVWLRQIRUPXODWHGLQDZURQJZD\FDQKDYHDQLQDSSURSULDWHKHXULVWLFYDOXHDQGLQWKLVZD\WKH
YDOXH RI WKH LQWXLWLRQV PXVW EH VRXJKW DW WKH OHYHO RI IRUPXODWLQJ WKH FRQVFLRXV TXHVWLRQ HYHQ LI WKH\ DUH
GHWHUPLQHGLQWKHXQFRQVFLRXVSKDVH
7KXV IRU DOO WKH DULWKPHWLF SUREOHPV VWDUWLQJ ZLWK DQ XQFRQVFLRXV SKDVH LQWXLWLRQ PD\ ILQG LWV VROXWLRQ
DSSHDOLQJWRVRPHPDWKHPDWLFDOFRQFHSWVRIDFRQVFLRXVPDQQHU
0DQ\ PDWKHPDWLFLDQV FRQVLGHU LQWXLWLRQ >@ DV D JXHVV WKDW SUHFHGHV DQ\ DULWKPHWLF UHDVRQLQJ QDPHO\
LQWXLWLRQJLYHVDPRWLYDWLRQWKDWKDVWREHYHULILHGVXEVHTXHQWO\
7KXVKHXULVWLFLQWXLWLRQLVDOVREDVHGRQWKHVHQVHRIDQWLFLSDWLRQRQVRPHVFLHQWLILFH[SHULHQFHRIDQLQWXLWLYH
QDWXUHDQGWKHILQGLQJVFDQQRWEHORJLFDODUJXPHQWV
+HXULVWLF LQWXLWLRQ LV GRQHZLWK WKHSDUWLFLSDWLRQRI WZR OHYHOV WKH FRQVFLRXV DQG WKH XQFRQVFLRXV WKURXJK D
SHUPDQHQWPXWXDOLQIRUPDWLRQDOWUDQVIHULQWHUSUHWHGDVDVHTXHQFHRILQSXWVDQGRXWSXWVRIWKHXQFRQVFLRXVLQWKH
FRQVFLRXVDQGYLFHYHUVDEDVHGRQWKHVRFDOOHGSULQFLSOHRIIHHGEDFN
7KLVSULQFLSOHFRPHVZLWKDVHWRIVSHFLILFDWLRQVRQSV\FKRORJLFDOPHFKDQLVPVRIKHXULVWLFLQWXLWLRQZKLFKLV
EDVHGRQWKHIROORZLQJDVVXPSWLRQVWKHKLJKOHYHORIJHQHUDOLW\WKHSV\FKLFYDOXHDQGWKHKHXULVWLFDFWLYLW\DVD
SDUWLFXODUFDVHRISV\FKLFDFWLYLW\
6RPHDULWKPHWLFSUREOHPVEHJLQZLWKDFRQVFLRXVSKDVHDIWHUWKHDFWLYLW\RIVHDUFKLQJWKHVROXWLRQGHYHORSHG
DWWKHOHYHORIWKHFRQVFLRXVPLQGDOOXQVROYHGDVSHFWVDUHWUDQVIHUUHGWRWKHXQFRQVFLRXVZKLFKXQGHUSV\FKLF
DXWRPDWLVPFRQWLQXHWKHLUVHDUFK
,Q WKLV VHDUFK DQ LQWHQVH FUHDWLYH DFWLYLW\ LV QHHGHG DW WKH FRQVFLRXV OHYHO EDVHG RQ WKH GHVLUH WR VROYH WKH
SUREOHPDQGWRILQGWKHDSSURSULDWHVROXWLRQ
%XW IRU WKLV WKH HQWLUH FUHDWLRQ DFWLYLW\ LQYROYHV DQ DFFXPXODWLRQ RI LQIRUPDWLRQ IRFXVHG RQ WKH W\SH RI WKH
JLYHQSUREOHPZKLFKZDVQRWVROYHGGXULQJWKHFRQVFLRXVSKDVHDQGZKLFKWKHPLQGVHQGVWRWKHVXEFRQVFLRXV
IRUSURFHVVLQJ
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7KHSV\FKLFPHFKDQLVPRIIHHGEDFNDOORZVDVDFRQWLQXDWLRQRIWKHFRQVFLRXVPLQGZKLFKRQO\IRUPXODWHVWKH
SUREOHPWREHVROYHGWKDWWKHXQFRQVFLRXVVKRXOGLQWHUYHQHE\WKHSV\FKLFDXWRPDWLVPDQGWKDWLWVKRXOGPDNH
WKHLQIRUPDWLRQDODVVRFLDWLRQVDQGFRPELQDWLRQV
7KXVLIWKHVROXWLRQLVFRUUHFWWKHFRQVFLRXVILQLVKHVWKHWUDQVPLVVLRQRILQIRUPDWLRQWRWKHXQFRQVFLRXVDQGWKH
VROXWLRQRI WKHSUREOHPFDQEHFRQVLGHUHGDVDPHFKDQLVPRIFORVLQJ WKH LQIRUPDWLRQDOH[FKDQJHEHWZHHQ WKH
FRQVFLRXVXQFRQVFLRXVDQGYLFHYHUVD
7KH WUDQVIHU RI WKH VROXWLRQ IURP WKH XQFRQVFLRXV LQWR FRQVFLRXV PLQG LV DFKLHYHG RQ WKH FRQWLQXRXV
FRRSHUDWLRQEHWZHHQ WKH WZR OHYHOV RQ WKH WUDQVIHU RI LQIRUPDWLRQ LQERWKGLUHFWLRQV DQGRQ WKH DQDORJ\ZLWK
RWKHUVLPLODUSUREOHPV
7KHILQGLQJWKDWWKHVROXWLRQWRWKHSUREOHPZDVDFKLHYHGFDQRQO\EHPDGHE\WKHFRQVFLRXVWKURXJKUHYLHZRI
WKHSUREOHPGDWDDW LQWHUYDOVRI WLPHZKHQ WKHFRQVFLRXVPD\GHWHUPLQH WKHSUHVHQFHRIZKDWZDVPLVVLQJ LQ
SUHYLRXVWLPHVDQGLQWKLVFDVHWKHFRQVFLRXVFORVHVWKHFLUFXLW
6R LQ WKH FDVH RI DQ\ VROYLQJ RI DQ DULWKPHWLF SUREOHP WKH FRQVFLRXV LQFUHDVHV LI VXFFHVVIXO RU FDQFHOV LI
XQVXFFHVVIXOWKHHPRWLRQRUIHHOLQJRIVDWLVIDFWLRQ
3V\FKRORJLFDODVSHFWVRIXVLQJKHXULVWLFLQWXLWLRQLQVROYLQJDULWKPHWLFSUREOHPVLQWKHSULPDU\VFKRRO
7RORRNDW WKHXVHRIKHXULVWLFLQWXLWLRQLQVROYLQJDULWKPHWLFZHQHHGWRORRNDW WKHWHDFKLQJDQGOHDUQLQJRI
PDWKHPDWLFVLQSULPDU\VFKRROZKHUHWKHFRQFUHWHQHVVRIWKLQNLQJLVPDLQWDLQHG
$VWKHPDLQPHWKRGRIVROYLQJDULWKPHWLFSUREOHPVLVWKHJUDSKLFPHWKRGLQSULPDU\VFKRROZHIRUPDVHULHV
RIPRWRUVNLOOVZKLFKODUJHO\IDOOZLWKLQZKDWZHFDOOVHQVRUPRWRUOHDUQLQJ
7KXVLQGUDZLQJDJUDSKLFVFKHPHWKHSV\FKRORJLFDODQDO\VLVRIWKLVSURFHVVUHYHDOVWKHXVHRIWKHPRWRUDFWRI
KDQGOLQJYDULRXVLQVWUXPHQWVDQGRIFROOHFWLQJYLVXDOLQIRUPDWLRQUHJDUGLQJWKHGUDZLQJ
$WWKHVDPHWLPHRQHFDQILQGDQLQWHOOHFWXDOFRPSRQHQWDQGLWZLOOEHFRQFUHWL]HGLQWKHPRPHQWVRIWKLQNLQJ
DQGLQWKHZRUNVWUDWHJ\
7KHVH VNLOOV DUH UHGXFHG WR D VHQVRU\ FRPSRQHQW SHUFHSWXDO DQG WR D PRWRU RQH ZKHWKHU LW LV DERXW WKH
GUDZLQJXSRIDJUDSKLFVFKHPHRUDERXWWKHH[HFXWLRQRIDPDWKHPDWLFDOPRGHO
7KH VWDUWLQJ SRLQW LQ DFTXLULQJ VRPH SUDFWLFDO VNLOO RI D PRWRU DFWLRQ LQ PDWKHPDWLFV LV WKH DFTXLVLWLRQ E\
REVHUYDWLRQRIDPRWRUDFWPRGHOZKHUHWKHVHTXHQFHRIZRUNLVDFFRPSDQLHGE\YHUEDOH[SODQDWLRQVGHWDLOHG
RQHOHPHQWVRUPRPHQWVDQGZKHUHWKH\RXQJSXSLOIRUPVDQLQLWLDOLPDJHRIZKDWKDVWREHH[HFXWHG
6RDIWHUDILUVWFRJQLWLYHSKDVHRIRULHQWDWLRQDQGIDPLOLDUL]DWLRQRIWKH\RXQJSXSLOZLWKWKHFRQWH[WLQZKLFK
KHPXVWZRUNLQZKLFKWKHDFWLRQSDWWHUQLVRXWOLQHGWKHUHZLOOFRPHDQDQDO\WLFDOVWDJHRQRSHUDWLRQVLQZKLFK
WKHPRVWFRPSOH[DFWLRQLVFXWXSDQGGLYLGHGLQWRIUDFWLRQVXVXDOO\LQFRPSRQHQWDFWV
:LWK WKH KDELW IRUPDWLRQRI JUDSKLFDO UHSUHVHQWDWLRQ D SDUWLDO DXWRPDWLRQRFFXUV DQG WKHQZHGHDOZLWK WKH
WKLUGVWDJHQDPHO\WKHPRPHQWRIRUJDQL]DWLRQDQGV\VWHPDWL]DWLRQRISDUWVRUGHWDLOVRIWKHDFWLRQ
$WWKLVSRLQWWKHKHXULVWLFLQWXLWLRQLQWHUYHQHVDQGLWXQLILHVWKHVFDWWHUHGDFWVFRPELQHVWKHGHWDLOVLQDULJKW
ZD\DQGWDNHVWKHXVHIXOLQIRUPDWLRQDFKLHYLQJWKHIHHGEDFNPHFKDQLVP
,DPJRLQJWRHPSKDVL]HWKHVHPHFKDQLVPVWDNLQJDSUREOHPVHH>@DVIROORZV

3UREOHP$SXSLOKDVWKUHHWLPHVPRUHSLJHRQVWKDQUDEELWV+RZPDQ\KDVKHRIHDFKNQRZLQJWKDWLIKHVROG
WZRUDEELWVDQGERXJKWSLJHRQVWKHQKHZRXOGKDYHWLPHVPRUHSLJHRQVWKDQUDEELWV"
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
)LJ*UDSKLFDOVFKHPH

, JDYH DQ H[DPSOH RI D SUREOHP XVLQJ WKH JUDSKLFDO PHWKRG WKH GRXEOH UDWLR PHWKRG ZKLFK DOORZV WKH
DFKLHYHPHQWRIWKHIHHGEDFNPHFKDQLVPRQWKHWKUHHVWDJHVWKHLQLWLDOVWDJHFRUUHVSRQGLQJWRWKHILUVWUDWLRWKH
WUDQVIRUPDWLRQVWDJHDQGWKHILQDOUDWLRVWDJH
7KXV WKH KHXULVWLF LQWXLWLRQ DOORZV WKDW DW WKH WZR OHYHOV WKH FRQVFLRXV DQG WKH XQFRQVFLRXV ZH VKRXOG
DFKLHYHWKHGLYLVLRQRISLJHRQVDQGUDEELWVLQJURXSVERWKIRUWKHLQLWLDOUDWLRDQGIRUWKHILQDOUDWLR
7KHSV\FKRORJLFDOPHFKDQLVPRIIHHGEDFNDOORZVLQWKHFRQWLQXDWLRQRIFRQVFLRXVPLQGLQWKHFDVHRIVWDJH,
DQGVWDJH,,,ZKLFKHPSKDVL]HWKHLQLWLDOUDWLRDQGILQDOUDWLRWKDWWKHXQFRQVFLRXVVKRXOGLQWHUYHQHWKURXJKWKH
SV\FKLFDXWRPDWLVPDQGWKDWLWVKRXOGDFKLHYHWKHVWDJH,,ZKLFKDOORZVWKHYLVXDOL]DWLRQRIWKHWUDQVIRUPDWLRQV
WKDWRFFXUIRUOLQNLQJWKHWZRUDWLRV
,Q WKLV VHQVHE\ VHOOLQJ WZR UDEELWV WZRJURXSVGLVDSSHDUDQGZLWKRXW WKHDFKLHYHPHQWRI WKH VWDJH ,, WKH
FRQVFLRXVZRXOGQRWKDYHDOORZHGWKHPRGDOLW\RIYLVXDOL]DWLRQIRUWKHILQDOVWDJH
7KHGLVWULEXWLRQRIJURXSVRQWKHILQDOUDWLRLVDFFRPSOLVKHGE\WKHVXEFRQVFLRXVWKURXJKWKHWUDQVIRUPDWLRQ
VWDJHZKHUHWKHIRXUSLJHRQVWRJHWKHUZLWKWKHVL[SLJHRQVH[LVWLQJLQWKHRGGJURXSVZLOOEHGLVWULEXWHGRQHE\
RQHLQHDFKJURXSLQIURQW
6RHDFKRIWKHWHQSLJHRQVZLOOFRPSOHWHDJURXSZKLFKWHOOVXVWKDWRQWKHILQDOUDWLRZHKDYHWHQJURXSV
$VWZRJURXSVGLVDSSHDUHGLQWKHWUDQVIRUPDWLRQVWDJH WKHQLQWKHLQLWLDOVWDJHZHKDYHJURXSV WKDWZLOO
FRQWDLQ[ UDEELWVDQG[ SLJHRQV
7KH ILQGLQJ WKDW WKH VROXWLRQ RI WKH SUREOHP LV FRUUHFW FDQ EH DFKLHYHG RQO\ E\ WKH FRQVFLRXV PLQG E\
UHYDOXDWLQJWKHSUREOHPE\WKHUHTXLUHGFKDQJHVDQGWKHFRQVFLRXVPD\HVWDEOLVKWKDWWKHILQDOUDWLRLVWKHJLYHQ
RQH
7KXVWKHKHXULVWLFLQWXLWLRQLQWKHFDVHRIWKHGRXEOHUDWLRSUREOHPDOORZVWKHUHVROXWLRQSURFHVVE\XVLQJWKH
VHTXHQFLQJRIWKHJUDSKLFVFKHPHPDNLQJWKHWUDQVLWLRQWRPDWXULW\DQGFKHFNRIWKHZD\RIYLVXDOL]DWLRQRIWKH
WZRUDWLRV
7KH H[LVWHQFH RI WKH WUDQVIRUPDWLRQ SKDVHZKLFK JHQHUDWHV WKH SUREOHP VROYLQJ SURFHVV FRQQHFWV WKH WZR
UDWLRVDQGDQWLFLSDWHVWKHPRGDOLWLHVRILQWHUYHQWLRQIRUWKHKHXULVWLFLQWXLWLRQ
7R KLJKOLJKW WKH DFFXUDF\ RI EURZVLQJ WKHUHVROXWLRQSURFHVV LW LV QHFHVVDU\ WR H[DPLQH WKH UHODWLRQVKLS
EHWZHHQWKHSUREOHPGDWDRQWKHWKUHHVWDJHVDQGWRFRPSOHWHWKHSRVVLEOHOLQNVWRFORVHWKHFLUFXLW
,QWKHFDVHWKHRIWKHH[DPLQHGSUREOHPERWKWKHXQFRQVFLRXVOHYHODQGWKHFRQVFLRXVRQHDUHSUHVHQWDWHYHU\
VWDJHDQGDUHLQWHUUHODWHGWRFRPSOHWHWKHIHHGEDFNPHFKDQLVP

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&RQFOXVLRQV
8VLQJ KHXULVWLF LQWXLWLRQ DOORZHG WKDW WKH DWWHQWLRQ RI WKH \RXQJ SXSLO VKRXOGPRYH IURP WKH GHWDLOV RI WKH
DFWLRQ WR LWV ZKROH ZKHUH WKH XQFRQVFLRXV LQWHUYHQHV LQ PRWRU DFW FRQWURO DQG PDUNV WKH DSSHDUDQFH RI
DXWRPDWLVPLQWKHH[HFXWLRQVHTXHQFHRIWKHWUDQVIRUPDWLRQVWDJH
7KH WZRSODQVRIGHSOR\LQJ WKHSK\VLFDODFWLYLW\ WKHFRQVFLRXVDQGXQFRQVFLRXV WKURXJKKHXULVWLF LQWXLWLRQ
LQWHUYHQH FUHDWLYHO\ LQ VROYLQJ DULWKPHWLF SUREOHPV DV DPRPHQWRI EXLOGLQJQHFHVVDU\PHQWDO UHSUHVHQWDWLRQV
DQGDVDQH[SORUDWLYHVWUXFWXUHUHODWHGWRWKHVHDUFKLQJRIWKHVROXWLRQ
7KH PRGDOLW\ RI XVLQJ WKH WKUHH VWDJH JUDSKLFDO VFKHPH DOORZV WKH IRUPDWLRQ RI VRPH VNLOOV WKDW KHOS WKH
UHVROXWLRQSURFHVVLQWKHFRQWH[WRIVROYLQJDULWKPHWLFSUREOHPVLQSULPDU\VFKRRO
7KHUHIRUHWKHKHXULVWLFLQWXLWLRQLQYROYHPHQWLQVROYLQJDULWKPHWLFSUREOHPVDOORZVWKHXQGHUVWDQGLQJRIWKH
PHDQVE\ZKLFKRQHPD\ILQGDYLDEOHPDWKHPDWLFDOVROXWLRQDQGWKHSUHVHQWDWLRQRIWKHORJLFV\VWHPZKLFKLV
FRQVWUXFWHG
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